The low-level flight method (LLF) has been combined with linear inverse models (IM) resulting in an LLF+IM method for the determination of area-averaged turbulent surface fluxes. With this combination, the vertical divergences of the turbulent latent and sensible heat fluxes were calculated from horizontal flights. The statistical errors of the derived turbulent surface fluxes were significantly reduced. The LLF+IM method was tested both in numerical and field experiments. Large-eddy simulations (LES) were performed to compare 'true' flux profiles with 'measurements' of simulated flights in an idealised convective boundary layer. Small differences between the 'true' and the 'measured' fluxes were found, but the vertical flux divergences were correctly calculated by the LLF+IM method. The LLF+IM method was then applied to data collected during two flights with the Helipod, a turbulence probe carried by a helicopter, and with the research aircraft Do 128 in the LITFASS-98 field campaign. The derived surface fluxes were compared with results from eddy-covariance surface stations and with large-aperture scintillometer data. The comparison showed that the LLF+IM method worked well for the sensible heat flux at 77 and 200 m flight levels, and also for the latent heat flux at the lowest level. The model quality control indicated failures for the latent heat flux at the 200 m level (and higher), which were probably due to large moisture fluctuations that could not be modelled using linear assumptions. Finally the LLF+IM method was applied to more than twenty low-level flights from the LITFASS-2003 experiment. Comparison with aggregated surface flux data revealed good agreement for the sensible heat flux but larger discrepancies and a higher statistical uncertainty for the latent heat flux.
Introduction
The determination of the area-averaged turbulent fluxes at the earth's surface during a field experiment is desirable for several reasons e.g., the closure of the energy balance or the initialisation or validation of numerical atmospheric models. Long-term measurements are preferably done with ground-based installations, and it should be kept in mind that micrometeorological ground-stations, towers, and remote sensing systems like wind profilers, sodar, or lidar provide point measurements. Even with the application of Taylor's hypothesis (Taylor, 1938; Powell and Eldekin, 1974; Browne et al., 1983) ground-based measurements cannot represent a whole area (e.g., Mahrt and Ek, 1993; Isaac et al., 2004) . This is especially true in a heterogeneous terrain where the measurement results depend on the 'fetch' -the footprint of the area upstream -i.e., the wind direction and velocity, the surface type and roughness, elevation, time of day, radiation, etc. (e.g., Haenel and Grünhage, 1999; Mahrt et al., 2001; Beyrich et al., 2002a ).
An averaging method is necessary that allows calculation of an area-representative turbulent flux from ground-based spot measurements. The definition of a suitable strategy was the scientific subject in two recent research programs: EVA-GRIPS (Regional Evaporation at Grid/Pixel Scale over Heterogeneous Land Surfaces) and VERTIKO (vertical transport of energy and trace gases at anchor stations under complex natural conditions).
To obtain a 'truth' for validation of the averaging strategies it is necessary to have at least one system involved that measures the actual area-representative turbulent fluxes. An ideal observation of the area-averaged fluxes means averaging over the time and all points of the regarding area (Grossman, 1992b) , requirements that could be fulfilled by satellites. Unfortunately satellite data must still be validated by ground data, require cloudless skies, and are not that reliable regarding turbulent transport. Nevertheless first attempts in calculating surface sensible and latent heat fluxes exist via the application of simple (climatological) assumptions (Berger, 2002) .
So, at present, the best solution involves in situ airborne measurements. Aircraft cover, for instance, a 20 km × 20 km area within tens of minutes, depending on the flight strategy and aircraft speed. During this time the non-stationarity of the atmospheric boundary layer (ABL) can be estimated by simple (possibly linear) assumptions about the ABL development. Aircraft fly at least one order of magnitude faster than the typical ABL wind, and Taylor's hypothesis of frozen turbulence is therefore widely fulfilled on flight legs (straight and level flight sections) of a few kilometres length. A simple comparison demonstrates the advantage of airborne measurements concerning mean turbulent fluxes: to observe at least a few large convection elements on a sunny afternoon over land an averaging distance of 20 km or more is required. A typical research aircraft needs clearly less than 10 min to fly this 20 km leg. For a tower (at a proper position downstream) it takes
